Introduction
With the development of the pharmacogenomics and the elucidation of pharmacological molecular mechanism of warfarin, the polymorphisms of VKORC1 and CYP2C9 play increasingly important roles in the inter-individual variability in warfarin dose [1] [2] [3] . The polymorphism of VKORC1 contributed 6-37% towards individual variability in warfarin dose, and CYP2C9 5-22% [3, 4] . Previous studies [1] [2] [3] [4] reported that patients with VKORC1 6484TT genotype required a lower warfarin maintenance dose compared to VKORC1 6484TC genotype or VKORC1 6484CC genotype, and patients with CYP2C9*1/*1 genotype required a higher warfarin maintenance dose compared to CYP2C9*1/*3 genotype or CYP2C9*3/*3 genotype. So, researchers suggested that a warfarin-dosing algorithm to predict warfarin maintenance dose should be established to improve the efficacy and safety of warfarin therapy, on the basis of not only non-genetic factors but also genetic factors. Previous studies [1] [2] [3] [4] concentrated mainly on establishing genetic-based warfarin-dosing algorithm, with few studies focusing on verifying these algorithms and evaluating its clinical value. In addition, due to ethnic differences, we should consider whether established non-Han-population-based warfarin-dosing algorithms were applied to Han population. Therefore, it is necessary to evaluate the clinical application of the pharmacogenetic-based warfarin-dosing algorithm in patients of Han nationality undergoing rheumatic valve replacement.
In this study, we evaluated the feasibility of the clinical application of the pharmacogenetic-based (based on CYP2C9 and VKORC1 genotypes) warfarin-dosing algorithm to predict warfarin maintenance dose in patients of Han nationality with rheumatic heart disease undergoing mechanical valve replacement in a randomized and controlled trial.
Materials and methods

General data
The study was approved by the hospital's ethics review committee and registered on Chinese Clinical Trial Registry (ChiCTR) site (http://www.chictr.org, number ChiCTR-TRC-11001852). This study protocol was consistent with the spirit of the Declaration of Helsinki. Informed consent was obtained from all participants.
Subjects
Han patients with rheumatic heart disease were referred to our unit at least 2 days before surgery. All patients received preoperative electrocardiogram, chest X-ray film and echocardiography with patients over 45 years old receiving preoperative coronary artery angiography.
Eligible patients were at least 18 years old, scheduled for single or double mechanical prosthetic valve replacement, had not used any other drugs known to be related to CYP2C9 and VKORC1, and had been given dietary advice to avoid foods that may interfere with warfarin metabolism. In addition, inclusive patients did not use warfarin in the past three months and the baseline international normalized ratio (INR) values were within the normal range from 0.8 to 1.2.
Women who were pregnant, lactating, or of child-bearing potential; pathological obesity; concomitant any malignancy, chronic hepatic or kidney disease, any thyroid disease, any hematological disease or history of bleeding, and infective endocarditis; any contraindication of warfarin; those participating in other investigational trials within 30 days; or patients with any other medical condition that, in the opinion of the investigators, could make the patient inappropriate for this study were excluded.
Research methods
All selected patients were randomly divided into an experimental group and a control group through a computer-generated randomization sequence. Warfarin was administered with different initial doses among the patients from the experimental group and the control group, and the target INR values were within the therapeutic range of 1.8-3.0.
In the experimental group, the polymorphisms of CYP2C9 and VKORC1 were detected to identify VKORC1 and CYP2C9 genotypes and then to calculate the warfarin dose ("predicted dose") before the scheduled surgery. Patients were administered oral warfarin at the dosage of the "predicted dose" beginning 3 days following surgery. As patients are more sensitive to warfarin immediately after surgery, the highest initial warfarin dose was not higher than 3.5mg/day, even if the "predicted dose" was more than that. After 3 days of anticoagulant therapy, warfarin doses were adjusted depending on the measured INR values. In the control group, warfarin was initiated at 2.5 mg/day, which is currently the standard initiation dose in China, and it was adjusted based on the INR values.
With reference to the literature [5] , "predicted dose VKORC1-6484CC, CYP2C9*1/*3, CYP2C9 *3/*3 yes or no was taken as 1 or 0, respectively; exp referred to the exponent of natural logarithm).
All patients were followed up for 50 days after initiation of warfarin therapy, to compare the outcomes between the experimental group and the control group. Patients' INR was measured daily after their operations during hospitalization and twice a week after they discharged from the hospital. Stable warfarin maintenance dose was defined as the dose that led to the patient's INR values within the therapeutic range of 1.8-3.0 measured at least 7 days [6] . The adverse outcomes included INR greater than 3.5, bleeding, or venous thrombosis after warfarin therapy. The primary endpoint was the time to reach a stable warfarin maintenance dose. The secondary endpoints were time within therapeutic INR range; time of dose adjustment in hospital; the proportion of patients who obtained stable dose; and incidence of adverse outcome.
Polymorphisms of CYP2C9 and VKORC1
The polymorphisms of CYP2C9 and VKORC1 were detected by using PCR-RFLP method. A blood sample (2.0ml, citrated) was drawn 24 hours before the scheduled surgery and was coagulated. The genome DNA was extracted by using DNA extraction kit methods (Tiangen Biological Technology Limited Company) and then was frozen at -20℃ until analysis. With reference to the literature [7] , according two single nucleotide polymorphisms (SNP) sites of VKORC1 1173C>T and CYP2C9 1075A>C genes, three premiers were designed respectively: two of them was forward primers whose 3-end matched the wild type and mutants bases in the two SNP sites, respectively, and whose 5-end were introduced "GC" sequences, and one of them was a reverse primer (as shown in Table 1 ). The genotype frequency of CYP2C9 430C>T was uncommon in Han population and identification absent in this study. The primers were from Biomedical Engineering Co., Ltd, Shanghai, and SYBR Green Ⅰ fluorescent dye from Baiweixin Corp, Xiamen.
The PCR products were analyzed by the melting curve (ABI-7500 fluorescence quantitative PCR) to identify the genotype. The melting curve of VKORC1 1173TT and CYP2C9*1/*1 showed a single-peak curve at the higher melting temperature, the melting curve of VKORC1 1173CC and CYP2C9*3/*3 showed a single-peak curve at the lower melting temperature, and the melting curve of VKORC1 1173TC and CYP2C9*1/*3 showed a double-peak curve at the higher and the lower melting temperature.
Statistical Analysis
The sample size calculations are based on an estimated receiving warfarin maintenance dose during 50-day of follow-up of 85% for administration of warfarin according to pharmacogenetic-based warfarin-dosing algorithm and 60% for conventional administration of warfarin. With an α level of 0.05 and a test power of 0.80, the resulting sample size was 46 patients for each group. A risk of loss of patients to follow up of 1-5% was assumed.
Statistical analysis was performed using the SPSS 13.0 statistical software package. All p values less than 0.05 were considered to be statistically significant. The unpaired t test or t' test according to the homogeneity test for variance was used to compare measurement data and Fisher's exact test was used to compare enumeration data. The time elapse from initiation of warfarin therapy until warfarin maintenance dose was analyzed with the Kaplan-Meier method and compared with the Log-rank test. The hazard ratio and its confidence intervals (CI) were estimated using the Cox regression model. Time elapse was analyzed from initiation of warfarin therapy until warfarin maintenance dose using Cox proportional hazards regression to control for potentially confounding factors. The differences between predicted dose and actual dose were analyzed with the paired-samples t-test, and the linear correlation between them was analyzed using the correlation analysis. 
Results
Study population
From January 2010 to June 2010, a total of 119 consecutive patients of Han nationality (38 male and 81 female, with an average age of 42.3 ±7.1 years old) with rheumatic heart disease met the inclusion criteria. Thirteen patients were excluded because of liver disease (4 cases), kidney disease (2 cases), infective endocarditis (2 cases), thyroid disease (2 cases), or requiring use of other drugs known to be related to CYP2C9 and VKORC1 (3 cases), and then 106 patients were followed into this study and randomly divided into an experimental group (n=53) and a control group (n=53). During 50-day of follow-up, an additional 5 patients were excluded from further analysis for the following reasons: two patients in the experimental group and two in the control group dropped out during follow-up, and one patient in the experimental group died of postoperative complications that were not related to warfarin therapy. Therefore, the outcome analysis was conducted on 50 patients in the experimental group and 51 patients in the control group (Figure 1) .
Sixty-nine underwent single mechanical prosthetic valve replacement (4 patients with concomitant coronary artery disease underwent simultaneous coronary artery bypass grafting), and 32 double mechanical prosthetic valve replacement (2 patients with concomitant coronary artery disease underwent simultaneous coronary artery bypass grafting). Among patients undergoing simultaneous coronary artery bypass grafting, 4 patients received one bypass conduit (great saphenous vein graft was used as bypass conduit in 3 patients, and left internal mammary artery in 1 patient), and 2 patients two bypass conduits (sequential great saphenous vein graft was used as bypass conduit in 2 patients).
The characteristics of the entire cohort were shown in Table 2 . There were no significant differences in age, gender, body surface area, operation, left ventricular ejection fraction, left atrial size, and basal INR as well as cardiac rhythm between groups. No differences were observed in the distribution frequency of VKORC1 genotype and CYP2C9 genotype between two groups. 
Polymorphisms of CYP2C9 and VKORC1
Different VKORC1 1173C>T genotypes and CYP2C9 1075A>C genotypes had different peak melting curves. For VKORC1 1173C>T, the amplification segment of allele T had high melting temperature compared to allele C (82.14 ± 0.10 ℃ versus 77.10 ± 0.15 ℃). So, the melting curve of homozygous TT and CC respectively showed a single-peak curve at 82.14 ℃ and at 77.10 ℃, and the melting curve of heterozygous TC showed a double-peak curve at 82.14 ℃ and 77.10 ℃. Similarly, for CYP2C9 1075A>C, the amplification segment of allele A (CYP2C9*1) had high melting temperature compared to allele C (CYP2C9*3) (86.16 ± 0.08 ℃ versus 81.85 ± 0.12 ℃). The melting curve of homozygous AA (CYP2C9*1/*1) showed a single-peak curve at 86.16 ℃, the melting curve of homozygous CC (CYP2C9*3/*3) showed a single-peak curve at 81.85 ℃, and the melting curve of heterozygous AC (CYP2C9*1/*3) showed a double-peak curve at 81.85 ℃ and 86.16 ℃. The average melting temperature of the amplification segments of different alleles came from 134 normal controls.
Clinical application
In this study, a total of 72 patients reached stable warfarin maintenance dose during 50-day of follow-up. Compared to the control group, patients in the experimental group had shorter time elapse from initiation of warfarin therapy until stable warfarin maintenance dose (mean time: 27.5 ± 1. Four factors (group, gender, age, BSA) were entered into Cox proportional hazards regression. Cox regression revealed that group and age were two significant variables related to the time elapse from initiation of warfarin therapy until stable warfarin maintenance dose. After the Cox proportional model was used, the hazard ratio for group (experimental versus control group) was 1.568 (95%CI 1.103-3.284; p=0.026) (as shown in Figure 2 ). During 50-day of follow-up, 84.0% patients (42/50) in the experimental group and 58.8% patients (30/51) in the control group received warfarin maintenance dose (p=0.0078). In addition, Cox regression also showed the older the age, the longer the time elapse from initiation of warfarin therapy until stable warfarin maintenance dose. As shown in Table 3 , the median time elapse from initiation of warfarin therapy until stable warfarin maintenance dose was 21 days for patients below 30 years old, 25 days for 30-39 years old, 28 days for 40-49 years old, and 37 days for over 50 years old, respectively (χ 2 =9.199, p=0.027).
Five patients (10.0%) in the experimental group and eight patients (15.7%) in the control group suffered adverse events (either hemorrhage or INR over 3.5) during 50-day of follow-up (p=0.55). Compared to the control group, patients in the experimental group had longer time elapse from initiation of warfarin therapy until adverse events (45.2 ± 3.5 d versus 42.7±2.4 d), but no significant difference was found (p=0.15).
Forty-two patients in the experimental group, who received stable warfarin maintenance dose during 50-day of follow-up, had higher predicted dose compared to the actual dose (2.87±0.67 mg/d versus 2.81±0.78 mg/d), but no significant difference was found through the paired-samples t-test (t=0.38, p=0.71). As shown in Figure 3 , the predicted dose was prominently correlative with the actual dose through the correlation analysis (r=0.684, p<0.001). 
Figure 2
Patients received stable warfarin maintenance dose during follow-up. E group: the experimental group; C group, the control group.
Figure 3
Correlation between predicted dose and actual dose.
Discussion
Genetic factors, such as the polymorphisms of VKORC1 and CYP2C9, played increasingly important roles in the inter-individual variability in warfarin dose [8] [9] [10] . Previous studies [1] [2] [3] [4] concentrated mainly on establishing genetic-based warfarin-dosing algorithm, with few researches focusing on verifying these algorithms and evaluating these clinical values through randomized and controlled trials. This randomized and controlled trial aimed to evaluate the feasibility of clinical application of the pharmacogenetic-based warfarin-dosing algorithm (based on CYP2C9 and VKORC1 genotypes) to predict warfarin maintenance dose in patients of Han nationality with rheumatic heart disease undergoing valve replacement. In this study, patients in the experimental group had shorter time elapse from initiation of warfarin therapy until stable warfarin maintenance dose compared to the control group (mean time: 27.5 ± 1.8 d versus 34.7 ± 1.8 d, p<0.001; median time: 24.0 ± 1.7 d versus 33.0 ± 4.5 d, p<0.001), indicating that pharmacogenetic-based warfarin-dosing algorithm (based on CYP2C9 and VKORC1 genotypes) may effectively shorten the time elapse from initiation of warfarin therapy until stable warfarin maintenance dose, which was consistent with the results of two randomized and controlled studies in the white race [11, 12] . A Taiwan population-based study by Wen [13] showed that 83% patients who were orally administrated with warfarin based on predicted dosing algorithm received stable warfarin maintenance dose within 2 weeks, and it leg to the conclusion that genetic-based predicted dosing algorithm was conducive to reduce the time elapse from initiation of warfarin therapy until stable warfarin maintenance dose. The conclusion draw by Wen, however, failed in persuasiveness because no control group was designed in the Taiwan population-based study. In this study, Cox proportional hazards regression revealed that group and age were two significant variables related to the time elapse from initiation of warfarin therapy until stable warfarin maintenance dose. Through Cox proportional model, the hazard ratio for group (experimental versus control group) was 1.568 (95%CI 1.103-3.284; p=0.026), which meant during the same follow-up period and at the same sample size, the number of patients in the experimental group receiving stable warfarin maintenance dose was 1.568 times higher than that in the control group. In this study, 84.0% patients in the experimental group and 58.8% patients in the control group received warfarin maintenance dose during 50-day of follow-up (p=0.0078), which corresponded with the result of the Cox proportional model mentioned above. This study also displayed that age was not only a factor related to the inter-individual variability in warfarin dose, but also one of main factors related to the time elapse from initiation of warfarin therapy until stable warfarin maintenance dose, which was scarcely reported in previous studies. In this study, patients over 50 years old had longer time elapse from initiation of warfarin therapy until stable warfarin maintenance dose, compared with patients below 50 years old. The older the age, the longer the time elapse from initiation of warfarin therapy until stable warfarin maintenance dose, which possibly caused by compensatory dysfunction of organs in older patients.
In this study, 84% patients in the experimental group received warfarin maintenance dose during 50-day of follow-up, and the predicted dose was prominently correlated with the actual one through the correlation analysis (r=0.684, p<0.001), indicating that our pharmacogenetic-based warfarin-dosing algorithm could effectively predict the actual warfarin maintenance dose. Based on a combination of genetic factors and non-genetic factors, the predicted algorithm of warfarin maintenance dose had a strong predicted efficacy, could effectively shorten the time elapse from initiation of warfarin therapy until stable warfarin maintenance dose, and was proved a feasible clinical application.
In this study, 10.0% patients in the experimental group and 15.7% patients in the control group suffered adverse events (either hemorrhage or INR over 3.5) during 50-day of follow-up (p=0.55). And patients in the experimental group had long time elapse from initiation of warfarin therapy until adverse events, compared to the control group (45.2 ± 3.5 d versus 42.7 ± 2.4 d, p=0.15). It remains to be clarified by increasing the sample size whether the predicted algorithm of warfarin maintenance dose reduced effectively the incidence of adverse events.
In addition, 42 patients in the experimental group, who received stable warfarin maintenance dose during 50-day of follow-up, had higher predicted dose compared to the actual dose (2.87±0.67 mg/d versus 2.81±0.78 mg/d, p=0.71). The difference between the predicted dose and the actual one may be due to other genes related with the pharmacology of warfarin not involved in our predicted algorithm of warfarin maintenance dose. And, non-genetic factors, such as eating habits, concomitant with other drugs, and individual differences in the patients' condition, may result in the difference between predicted dose and the actual one. With more pharmacological effects of warfarin-related genes clarified, and more non-genetic factors involved, the predicted algorithm of warfarin maintenance dose would be more accu-rate, contributing to the clinical application of individualized warfarin, improving the effectiveness and safety of warfarin.
In conclusion, based on CYP2C9 and VKORC1 genotypes, the pharmacogenetic-based warfarin-dosing algorithm may shorten the time elapse from initiation of warfarin therapy until warfarin maintenance dose. It is feasible for the clinical application of the pharmacogenetic-based warfarin-dosing algorithm in patients of Han nationality with rheumatic heart disease after valve replacement. It, however, needs further study whether or not our predicted algorithm of warfarin maintenance dose was applicable to patients of other nationality in the country.
